Long interspersed repetitive elements (LINEs) are transposable elements present in many species. In mammals they are difficult to study because most of them are defective and their transposition frequency is low. The I factor of Drosophila melanogaster is a LINE element that is particularly interesting because its transposition occurs at high frequency during I-R hybrid dysgenesis. This phenomenon occurs when males from the class of inducer strains are crossed with females from the class of reactive strains. Inducer strains contain several complete 5.4-kilobase I factors at various sites on the chromosomal arms. Reactive strains are devoid of complete I factors. Many results indicate that active I factors have invaded the D. melanogaster genome recently. To study the evolutionary history of I elements, we have cloned and sequenced a potentially active I factor from Drosophila teissieri. It is flanked by a target-site duplication and terminates at the 3' end by tandem repeats of the sequence TAA. When introduced into the germ line of a reactive strain of D. melanogaster by P element-mediated transformation, it is able to transpose and induces hybrid dysgenesis. This strengthens the hypothesis of a recent reinvasion of the D. melanogaster genome by active I factors giving rise to the inducer strains. They could have originated by horizontal transfer from another species. Such events also could occur for other LINE elements and might explain the spread of new variants in mammalian genomes. Moreover, the results give a further insight into I factor functional organization.
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Long interspersed repetitive elements (LINEs) are the class of transposable elements known as nonviral retrotransposons. In mammals they are present at 104-105 copies dispersed throughout the genome. These elements are devoid of terminal repeats and are terminated at the 3' end by an adenosine-rich sequence. They encode putative polypeptides showing similarities with viral reverse transcriptases (1) . Recent evidence indicates that in humans they can cause diseases resulting from insertional mutations (2, 3) . The mechanisms by which LINEs transpose and spread in the genome remain to be elucidated (4) . These problems are difficult to study since their frequencies of transposition are low and most of the members of the family are defective (1) .
The I factor is a LINE element responsible for I-R hybrid dysgenesis in Drosophila melanogaster (5) . It is particularly interesting because its transposition occurs at high frequencies under certain conditions (6) .
There are two categories of strains in D. melanogaster with respect to I-R hybrid dysgenesis: inducer strains, which contain active I factors, and reactive strains which do not. The phenomenon appears in the germ line of the F1 dysgenic females resulting from crosses between inducer males and reactive females (7) and is characterized by various genetic abnormalities, such as sterility (8) and high rates of mutations (9) . All other crosses produce apparently normal progeny. I factors are stable when maintained in inducer strains but transpose with unusually high frequencies when introduced into the cellular environment of reactive strains (6) .
I factors are present at about 15 copies dispersed on chromosomal arms in inducer strains (10) . Incomplete and defective I elements are present in both inducer and reactive strains and are located in the pericentromeric heterochromatic regions (11) .
Active Ifactors have been cloned, and their ends have been sequenced (12) . They are 5.4 kilobases (kb) long and appear to be similar in structure. They do not have terminal repeats, and they are terminated at their 3' ends by four to seven tandem copies of the sequence (TAA). They are flanked by target-site duplications varying in length from 10 to 14 base pairs (bp). This general organization is similar to that of F, G, and jockey elements of Drosophila (13) (14) (15) , Li elements of mammals (1), Ingi elements of Trypanosoma (16) , and Cin-4 elements of maize (17) .
An active I factor cloned from the white I-R-induced mutation WIRI has been entirely sequenced (12) . It displays two long open reading frames (ORFs), ORFi and ORF2 of 1278 bp and 3258 bp, respectively, separated by 471 bp. The amino acid sequence of ORF2 shows similarities with viral reverse transcriptases (12, 18) . These data indicate that I factors could transpose by reverse transcription of an RNA intermediate.
I elements are present in many Drosophila species (19) . Their distribution correlates with the phylogenetic relationships between species. Previous experiments indicate that the structure of the complete I factors of D. melanogaster is very similar to that of the I elements of Drosophila simulans, the species most closely related to D. melanogaster. This suggests that active I factors that spread recently in the latter species (5) probably arose by horizontal transfer from D. simulans (19) . The structure of the I homologues in the more distant species Drosophila teissieri differs from that of the complete I factors of D. melanogaster (20) .
To study in more detail the evolutionary history of I elements, we (21) , and the resulting phages were grown on NM514 (21) and C600 (22) . P Element-Mediated Transformation. The 5.4-kb BamHI fragment containing the I factor of D. teissieri (see Fig. 1 Left) was subcloned into the BamHI site of the pUChsneo vector (23) . The resulting plasmid, named pUChsneoltei, was purified on a CsCl density gradient prior to microinjection. It was then injected (500 jig/ml) together with the pfr25.7 wing-clipped helper plasmid (100 jig/ml) (24) (10, 11) .
RESULTS
Cloning of a Potentially Active I Factor from D. teissieri. To clone a potentially active I element from D. teissieri, we screened a genomic library of strain 128.2 with I factor DNA. Among many I elements isolated in this way, only one, named Altei, was flanked by nonrepeated sequences (Fig. 1 Left).
DNAs from four different stocks of D. teissieri were digested with EcoRV and hybridized with the 2.4-kb EcoRI/ Xho I fragment flanking the I element of AItei (see Fig. 1 Left). A 6.1-kb fragment is observed in all stocks. Strain 128.2 contains in addition an 11.5-kb fragment due to insertion of the 5.4-kb-long I element cloned in AItei (Fig. 1 Right). This I element is the right size to be full-length. The stock 128.2 is polymorphic for the presence of this element at this site, indicating that it has recently transposed. Therefore, it could be transposable. Its restriction map differs from that of active I factors from D. melanogaster, named Imel ( . In situ hybridization conditions were as described (19) . The probe used was the phage Altei ( Fig. 1 Left) . f indicates hybridization due to the sequences flanking the I element. Arrows show the regions of insertion of the P transposon carrying the I factor of D. teissieri. All other hybridization sites on the arms of the chromosomes correspond to transposition events of the I factor of D. teissieri. Hybridization to the chromocenter is due to the presence of defective I elements that are always present in reactive strains (10). duplication. The 3' end of one strand is identical to that of the I factors of D. melanogaster because it contains several copies of the sequence TAA.
The overall genetic organization of Itei is similar to that of IWIRI (Fig. 4) . All of the coding capacity is in one strand. (Fig. 3) .
ORF2 encodes a putative polypeptide that is 86% homologousto that deduced from the ORF2 sequence of IWIRI . The parts of this polypeptide corresponding to the reverse transcriptase and RNase H domains are highly conserved (95-100% homologous).
Genetic Organization of the I Factor of D. melanogaster Is Identical to That of the I Factor ofD. teissieri. According to the sequence of the I factor associated with the WIR mutation (IWIRJ) previously reported (12) , the I factor of D. teissieri shows a substantial difference in the primary structure of ORF2, which is longer in Itei than in IWIRI. This results in a reduction of the region between the two ORFs to 35 bp in D. teissieri. We sequenced the central part of another I factor of D. melanogaster contained in pI407 isolated from the white I-R-induced mutation wIR3 (10) . This cloned I factor has been shown to be functional when introduced into the genome of a reactive strain (27) . Its sequence is exactly the same as that reported for the I factor associated with the wIRI mutation (12) except that it shows an additional cytidine at position 1946 and a deletion of one guanosine at position 1727 in the sequence previously reported (12) . This creates a longer second ORF extending toward the 5' end. It is organized in the same way and starts with the same methionine codon as ORF2 in Itei (Fig. 4) . Therefore, it is reasonable to conclude that the genetic organization of I factors in the two species is similar. The region between the two ORFs is only 54 bp long in D. melanogaster. Consequently, we assume that ORF2 of the I factors in this species is 3657 bp long and starts at position 1518 in the sequence previously reported (12) .
The differences observed for the I factor associated with WIRI could result from two frame-shift mutations produced during cloning of this element.
Genetics: Abad et al. AA0Ch1AT O01AAOTA1 CA0CAAC17A ACATAAAAC1 T11 AAC1TCT CTAA111 OA1 T  TATC0AT7OC AA7ACCTTA OATATATCOA 1 (20) .
In this paper, we describe the isolation and the characterization of one of these active I factors. It and the sibling species D. melanogaster and D. simulans from which the I factors of the inducer strains appear to have originated (28, 29) . This difference could be due to the fact that the spread of DNA sequences through the process of reverse transcription of an RNA intermediate is more prone to error than DNA-dependent DNA polymerase activity.
The first 37 nucleotides at the 5' ends of the I factors of D. melanogaster and D. teissieri are identical with the exception of the nucleotide 7 (Fig. 3) , suggesting that this region is important for I factor activity. It has been suggested (12) that I factors transpose by reverse transcription of a full-length RNA synthesized from an internal RNA polymerase II promoter. This has been proved to be the case for another transposable element named jockey, which is structurally related to LINEs (15) . The similarity of the 5' ends of the two I factors suggests that such an internal promoter could be located at the very beginning of the element.
The I factor from D. teissieri, when introduced into the genome of a D. melanogaster reactive strain by P-mediated transformation, is able to transpose and to induce typical I-R hybrid dysgenesis. This strengthens the hypothesis, assuming that I factors have been able to reinvade the D. melanogaster genome after horizontal transfer from another species as we have suggested (19, 20) .
Similar events could occur for other LINE elements such as L1 in mammals. Various results suggest that in some cases, new LINE variants have recently invaded mammalian genomes. In mouse the comparative study of the structure of the 5' end of the L1 family in a series of related species indicates that two types of LINE elements (A and F) have invaded the mouse genome at different times. Type A was introduced more recently than type F (4). In the rat genome, the LINE family is relatively homogeneous, which contrasts with the heterogenous LINE families in mice (30) . This homogeneity of the rat LINE family could be explained by the fact that only one invasion occurred recently in this species. In mice, several distinct but related LINE families were introduced during evolution (4). The mechanisms by which these LINE sequences have been generated and have invaded mammalian genomes remain to be elucidated. This can be achieved by successive amplifications of new sequence variants (as suggested in refs. 4 and 30). However, this could also result from transposition of a new LINE element arising by horizontal transfer from another species in the same way as this appears to have occurred for I factors in D. melanogaster.
